Using a collection of 46 shipboard hydrographic/velocity transects occupied across the shelfbreak and slope of the Chukchi Sea between 2002-2014, we have quantified the existence of a current transporting Pacific-origin water westward over the upper continental slope.
Introduction
The means by which Pacific water crosses the Chukchi Sea, and the locations where the water exits the shelf into the interior Arctic Ocean, directly impacts various aspects of the Arctic ecosystem. The three main pathways of Pacific water on the shelf are the western branch into Herald Canyon, the Central Channel branch which flows northward between Herald and Hanna shoals, and the coastal pathway (known as the Alaskan coastal current in summer and fall, Fig. 1 ). During winter and spring, cold Pacific water flows through Bering Strait into the Chukchi Sea . This water is high in nutrients (Lowry et al., 2015) , and consequently helps spur primary production on the shelf (Hill et al., 2005; Arrigo et al., 2014) . In late spring and summer, warmer and fresher Pacific waters enter the Chukchi Sea, which are believed to play a significant role in both melting and delaying the formation of pack-ice both on the shelf (e.g. Weingartner et al., 2005) and in the basin (Steele et al., 2010; Woodgate et al., 2012; Brugler et al., 2014) . The Pacific water transported across the shelf is also believed to contribute significantly to the reservoir of freshwater offshore in the Beaufort Gyre (e.g. Pickart et al., 2013b) .
The coldest type of Pacific water is known as newly-ventilated winter water (WW), which is near the freezing point. This originates from the northern Bering Sea (e.g. Muench et al., 1988) , but can also be formed, or further transformed, locally on the Chukchi shelf in polynyas and leads (e.g. Weingartner et al., 1998; Itoh et al., 2012; Pickart et al., 2016; Pacini et al., submitted) . As the season progresses, the temperature of this water moderates via solar heating and/or mixing with warmer ambient waters, at which point it is referred to as remnant winter water (RWW). (In the case of extreme warming, the WW can be converted to a weakly stratified summer water mass, Gong and Pickart, 2016) . During summer and early fall, the Chukchi Sea contains two different types of warm Pacific water masses. The first is Alaskan coastal water (ACW) which stems largely from fluvial runoff in the Gulf of Alaska. The second is a combination of Anadyr water and central Bering shelf water, which mix north of Bering Strait (Coachman et al., 1975) to form a water mass known as Bering summer water (BSW).
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Beaufort Gyre Recent studies have revised our understanding of the circulation of Pacific-origin water on the Chukchi shelf, including the partitioning of transport between the different flow pathways. While the notion of three main branches remains intact, it is now believed that, as the Pacific water progresses across the shelf, it divides into a number of smaller branches or filaments on the northeast part of the shelf . Among other things, this impacts the timing of the advection of the high-nutrient WW across the shelf, which in turn has ramifications for the primary production (Lowry et al., 2015) . With regard to transport, the yearly averaged volume flux in each the three main flow branches is thought to be comparable . However, recent data suggest that, at least during the summer months, much of the Pacific water entering Bering Strait drains into Barrow
Canyon in the northeast part of the shelf (Itoh et al., 2013; Gong and Pickart, 2016; Pickart et al., 2016) .
Presently, the mechanisms by which Pacific water exits the Chukchi shelf into the Canada basin -and the geographical locations where this occurs -are not fully understood. It is known that some portion of the outflowing Pacific water ends up as a shelfbreak jet that, in the mean, flows eastward along the edge of the Beaufort Sea (Nikolopoulos et al., 2009 ). While the configuration of this jet changes seasonally (surface-intensified during late-summer/early-fall, bottom-intensified over the remainder of the year), the current is a year-round feature. There is also evidence of a shelfbreak jet along the edge of the Chukchi Sea, that, in the absence of wind forcing, flows to the east (Pickart et al., 2005; Mathis et al., 2007; Llinás et al., 2009; Pickart et al., 2016) . The source of this is believed to be the outflow from Herald Canyon (Pickart et al., 2010) . However, the data are largely anecdotal, and there are no published estimates of the transport of this shelfbreak flow. the mean volume flux of Pacific water to be 0.13 ± 0.08 Sv, which is only about 15% of the long-term transport through Bering Strait (0.83 Sv, Roach et al., 1995) . Furthermore, while the northward volume flux through Bering Strait has increased in recent years to just over 1 Sv (Woodgate et al., 2012) , the eastward transport of Pacific water in the Beaufort shelfbreak jet has decreased to 0.021-0.041 Sv (Brugler et al., 2014) . This implies that the jet now only accounts for less than 5% of the Pacific water that enters the Chukchi Sea.
(The summertime transport of the Beaufort shelfbreak jet increases to approximately 0.25
Sv (Brugler et al., 2014) , still far less than the transport through Bering Strait.)
This begs the question, where and how does the bulk of the Pacific water exit the Chukchi Shelf? As noted above, Woodgate et al. (2005) argued that each of the three main branches transports a similar amount of Pacific water. However, a significant portion of the water in the western branch is diverted to the east just north of Herald Shoal (Pickart et al., 2010) , progressing along the northern Chukchi shelf and joining the central branch (Spall, 2007; Pickart et al., 2016, see Fig. 1 ). This combined central/western branch is then believed to flow into Barrow Canyon, adding to the puzzle regarding the small transport of the Beaufort shelfbreak jet. Brugler et al. (2014) attributed the recent decrease in strength of the Beaufort shelfbreak jet to enhanced easterly winds. This is consistent with the larger number of wind-driven upwelling events over the last decade noted by Pickart et al. (2013a) , during which the flow of the jet is reversed to the west Pickart, 2012). Brugler et al. (2014) presented data from a shipboard section occupied across the Chukchi slope just west of Barrow Canyon, which, together with a series of satellite images, revealed that the outflow from the canyon veered westward during such an event. This may provide a clue as to the fate of the Pacific water exiting the canyon and hence the "missing" transport in the Beaufort shelfbreak jet, but it should be remembered that this was only a synoptic occurrence.
Unlike the Beaufort Sea, where the shelfbreak jet is robustly documented using both mooring and shipboard data, the circulation along the Chukchi shelfbreak and slope has yet to be quantified. In light of the unaccounted transport leaving Barrow Canyon, and the observation of a jet of water veering to the west out of the canyon during a wind event,
this motivates a study of the flow along the outer edge of the Chukchi Sea. Here we use a collection of historical shipboard sections occupied across the Chukchi shelfbreak/slope to investigate the circulation during the warm months of the year. The data reveal the exis-tence of a heretofore unquantified current over the Chukchi slope that advects a significant amount of Pacific-origin water westward. The data also robustly document the presence of an eastward-flowing shelfbreak jet transporting a small amount of Pacific water toward Barrow Canyon. The paper is organized as follows. We start with a presentation of the shipboard data and an explanation of the technique used to create a mean section. We then describe the mean characteristics of the Chukchi slope current and shelfbreak jet, including the water masses they advect. This is followed by an investigation of the seasonal and interannual variation of the slope current. Next we explore the nature of the slope current and some aspects of its dynamics. Finally, we discuss the ramifications of these new components of the circulation in light of the mass budget of the Chukchi shelf.
Data
Shipboard hydrographic and velocity data
We have compiled all publicly-available shipboard sections occupied across the Chukchi shelfbreak/slope with the criteria that (1) they have high spatial resolution (typical station spacing of approximately 10 km), and (2) direct velocity measurements were made in addition to the hydrographic measurements. This resulted in 46 sections carried out during the period 2002-14 (Table 1) 
Surface winds
To assess the impact of winds on the hydrographic and velocity structure in our domain, we used the North American Regional Reanalysis (NARR) 10-m wind field (Mesinger et al., 2006) , which has a spatial and temporal resolution of 32 km and 6 hours, respectively.
The wind conditions for each shipboard transect were characterized by averaging over the 36 hours prior to the midpoint time of the section. We considered the along-shelfbreak component of the wind, where the orientation of the shelfbreak (119.6
• T) was determined using a linear regression of the 90 m isobath between 166
• W and the mouth of Barrow
Canyon. Along-shelfbreak winds are hereafter referred to as easterly (negative) and westerly (positive) winds.
Methods
Gridding and Averaging
Vertical sections of hydrographic variables (potential temperature, salinity, and potential density) were constructed for each transect using a Laplacian-spline interpolator. This was also done for the cross-transect component of the ADCP velocity. The gridded velocity was then used to reference the gridded sections of thermal wind shear to compute sections of absolute geostrophic velocity, where the matching was done at each grid point over the common depth range of the thermal wind shear and directly-measured velocity.
It is of interest to compute mean vertical sections of the various properties. In order to do this, it was necessary to construct an average cross-slope bottom profile and to locate each CTD station along this profile. As a first step, we followed the methodology of Pickart (2004) by constructing a Cartesian coordinate system aligned with the 90 m isobath over our ETOPO-2, which was less than 10% of the time).
After each of the bottom profiles was made, we aligned them at the shelfbreak, where the shelfbreak was defined as the location of the greatest change in bathymetric slope along the section. Then the mean bottom was computed at each cross-slope location (x = 0 corresponds to the shelfbreak). Next, every station was assigned a cross-stream location along the mean profile according to its bottom depth. This resulted in some distortion in the station spacing for the sections. However, the largest distortions of the along-section distance between stations occurred at the inshore and offshore ends of the sections, and, overall, the majority of between-station spacings were changed by a factor less than three (most cases corresponded to reduced spacing). The mean vertical property sections were then computed using the Laplacian-spline interpolator, with a grid spacing of 3 km in x, and 5 m in depth (z).
For completeness we tried two other techniques for computing the mean bottom profile:
(1) aligning the sections at a given isobath (90 m), and (2) doing the same except that the bottom depths along each section were computed using ETOPO-2 at the resolution of the digital product (i.e. to obtain higher cross-stream resolution of the bottom). Reassuringly, these other two techniques produced comparable results.
Defining the currents
As noted in the introduction, our collection of shipboard sections revealed the presence of a westward-flowing current over the Chukchi slope. Such a feature was observed in 37 of the 46 transects (80% of the occupations); all but two of the transects in which the feature did not occur are limited in their off-shelf extent (less than 30 km off-shelf). In order to quantify the characteristics of the current we needed to objectively define its width and vertical scale in each of the vertical sections (in addition to the mean section). We did this using the 5 cm/s velocity anomaly contour, where the anomaly was relative to the mean velocity across the entire section (i.e. the full lateral and vertical extent of the section). We note that in some instances there was an additional region of enhanced westward flow at the offshore end of the section (discussed below). In the cases when the 5 cm/s anomaly contour did not reach the surface on either side of the slope current, we used the locations where this contour reached its minimum depth to delineate the width of the current.
The location and dimensions of the shelfbreak jet were also defined by the 5 cm/sec anomaly contour, but in this case the flow could be either eastward or westward. This feature was present in 30 of the 46 transects (65% of the occupations; in the remaining occupations the flow near the shelfbreak was very weak). As an added constraint we limited the offshore extent of the jet to be within the vicinity of the shelfbreak to avoid the contamination of shelfbreak jet estimates by the slope current.
Calculating fluxes
Following Woodgate et al. (2010), we calculate heat fluxes relative to the freezing point of seawater in Bering Strait:
where θ is the potential temperature, C p is the specific heat of seawater, U g is the absolute geostrophic velocity, and θ 0 is the reference temperature (-1.91
• C). The integral is taken over the cross-sectional area of the section (A).
Freshwater fluxes are determined relative to the mean Arctic salinity reported by Aagaard and Carmack (1989) :
where S is the salinity and S 0 is the reference salinity (34.8).
Fluxes are calculated for both the Pacific water and Atlantic water. Following Nikolopoulos et al. (2009), we take the boundary between these two water masses to be the depth of maximum Ertel potential vorticity across the section. This corresponds to the base of the Pacific WW layer and is generally near -1.3
• C (see Nikolopoulos et al. (2009) for details).
Mean conditions
Structure
Using the technique described in Section 3.1, we created mean vertical sections of hydrographic variables and velocity. Before presenting these, however, it is informative to quantify the different water masses observed on the Chukchi slope. This was done by constructing a volumetric temperature/salinity (T/S) diagram ( Fig. 3) for all of the data seaward of the 90 m isobath. The four Pacific water masses described in the introduction are labeled in the figure. Our analysis also includes a fresher water mass that is composed of fluvial, precipitation, and ice melt contributions; this water mass is labelled "meltwater" to be consistent with the literature (e.g. Gong and Pickart, 2016; Lin et al., 2016) . We note that these water mass boundaries are not precise and should be considered as guidelines, since the characteristics of the Pacific water change from year to year (e.g. Pisareva et al., 2015) .
Nonetheless the core T/S values of the different water masses are robust and distinct.
By far, the most common type of Pacific water measured on the Chukchi slope, for the months of May to October, is RWW (46.2%). This is true as well for the Beaufort slope (over the full seasonal cycle; Brugler et al., 2014) . Although much less common, there were appreciable amounts of WW measured in the surveys (3.3%). Regarding the two summer Pacific water masses, BSW was present to a moderate degree (5.2%), while there was only a small amount of ACW (less than 1%, although seasonally the amount was larger, see Section 5.1). The presence of these warm Pacific waters is addressed below. The final two water masses in Fig. 3 are the Atlantic water (AW) at depth (33.6%) and meltwater (MW) in the surface layer (11.6%).
Returning now to the mean vertical sections, the average potential temperature section ( Pickart et al., 2010) some of which should turn eastward, following isobaths, to form a shelfbreak jet. This is analogous to the formation of the Beaufort shelfbreak jet via the outflow from Barrow Canyon (Pickart et al., 2005) . A notable feature of the shelfbreak jet in Fig.   4b is the enhanced near-bottom flow of AW associated with the strong isopycnal tilt noted above. Interestingly, the Beaufort shelfbreak jet also has a deep tail of eastward-flowing AW (Nikolopoulos et al., 2009; Brugler et al., 2014) , which is believed to be associated with the spin-down phase of upwelling events that are common throughout the year (see Pickart et al., 2011) . Further investigation is necessary to determine if the same mechanism is at work on the Chukchi slope.
While the existence of an eastward-flowing shelfbreak jet was anticipated, it was less clear what to expect on the continental slope. Our mean velocity section reveals the presence of a surface-intensified westward current seaward of the shelfbreak that is O(50 km) wide ( Fig.   4b ), significantly broader than the shelfbreak jet. The strongest velocities are in the upper 150 m (i.e. in the Pacific layer), although the current extends a fair bit deeper than this into the Atlantic layer. Laterally, the strongest mean flow is within 25 km of the shelfbreak, although there is significant flow out to 60 km (the mean section suggests a double core structure, but this is due to the relatively small sample size as the synoptic realizations generally do not indicate such a feature).
We refer to this current as the Chukchi slope current. To our knowledge this is the first robust documentation of the current, which we believe emanates (at least in part) from the outflow from Barrow Canyon. As noted in the introduction, the synoptic measurements Positive velocities are eastward (the viewer is looking westward). The number of sections contributing to the mean at each cross-slope location is plotted in the top panel.
reported in Brugler et al. (2014) are consistent with this notion, as are the sea surface temperature data and water column velocity measurements reported by Okkonen et al. (2009) . Notably, the largest signature of Pacific summer water in the mean section of Fig.   4a occurs within the current. The mass budget constructed below (Section 7) also suggests that the Chukchi slope current is fed by outflow from Barrow Canyon. Seaward of the slope current, near the offshore end of the mean section, there is another region of surfaceintensified westward flow. This is weaker and less baroclinic, and is presumed to be the southward edge of the Beaufort Gyre. Such an interpretation is in line with unpublished data from the Beaufort Sea, which indicates that the edge of the gyre is roughly 100 km offshore of the shelfbreak. This is considered below in more detail in the Discussion section.
The distribution of water masses associated with the mean hydrographic sections supports our claim that the Chukchi slope current advects Pacific water out of Barrow Canyon.
In particular, we computed the percent occurrence across the shelf/slope of each of the water masses present in the T/S diagram of Fig. 3 . These are shown in the different panels of 
Transport
Based on the average absolute geostrophic velocity section (Fig. 4b) , the mean westward volume transport of Pacific water in the Chukchi slope current, for the months of July- It is worth noting that AW contributes to the full volume transport and heat transport of the slope current by roughly the same amount as BSW (roughly 10% and 16% for volume transport and heat transport, respectively; Fig 6a,b) . The fact that AW is flowing westward on the Chukchi slope is curious -this is the opposite direction of the circumpolar boundary current that transports this water mass cyclonically around the sub-basins of the Arctic Ocean (e.g. Rudels et al., 1994; Aksenov et al., 2011) . We have no explanation for this, and it warrants further investigation (beyond the scope of the present study).
Variability
Seasonality
There are pronounced seasonal changes in the presence of the different water masses on the Chukchi slope, as well as variations in the fluxes of mass, heat, and freshwater, from July to October. Starting with the water masses, we quantified the percent occurrence of each water type for each month seaward of the 90 m isobath (Fig. 7) . Both of the Pacific summer waters, BSW and ACW, were barely present (or completely absent) in July and August, but increased in abundance in September. This trend continued for the BSW in October, but the ACW content dropped again that month. von Appen and Pickart (2012) noted that BSW also remained on the Beaufort slope later in the warm season than ACW. The Pacific winter waters, RWW and WW, varied out of phase with each other on the Chukchi slope, with RWW increasing in October and WW decreasing markedly at that time. This is not surprising, since heating/mixing through the summer transforms WW into RWW. Finally, the AW content remained steady from July-September and then increased in October, while the amount of MW decreased steadily through the four-month period. The most conspicuous seasonal change in Pacific water volume flux of the Chukchi slope current is the increase in westward transport in October (Fig. 8) . A possible explanation for this is the seasonality of the winds. We computed the monthly climatological alongshelfbreak 10-m wind speed over the Chukchi slope for the period 2002-14. October has the strongest easterly winds during any month of the year, which would enhance the westward flow of the slope jet. A similar increase in heat flux and freshwater flux occurs during October as well. This is related not only to the wind, but is due in part to a substantial increase in the heat content and freshwater content of the water column (not shown). We note that the freshwater increase in October is not in line with the meltwater percentage (which is a minimum that month, Fig. 7) ; it is related instead to the increase in the percentage of the RWW and the relatively fresh BSW (note in Fig. 3 that most of the BSW is on the fresh end of that water mass range). In contrast to the Chukchi slope current, there is no pronounced seasonal variation in volume flux and freshwater flux of the Chukchi shelfbreak jet. While the shelfbreak jet reverses direction from eastward to westward in October -likely due to the increased easterly winds that month -the change is not statistically significant. (See Fig. 3 for the water masses.)
Interannual variability
As noted in Section 2.1, the temporal coverage of shipboard sections is such that we can only contrast the early regime versus the recent regime for July through October. In addition, to avoid aliasing spatial trends into interannual variability, we have restricted the spatial extent for interannual analyses to be within 300 km of Barrow Canyon. In terms of the water masses on the slope, there was no significant change in the three most prevalent water masses, the RWW, AW, and MW (Fig. 9) . However, the percent contribution of all of the other water masses did change significantly. Both of the Pacific summer waters increased in occurrence, particularly the BSW, while the WW contribution decreased.
The volume, heat, and freshwater transport of Pacific water in the Chukchi slope current all increased significantly from the early regime to the recent regime (Fig. 10) . As was the case with the seasonal changes in the fluxes of the current, it seems likely that this was the result of the wind. We calculated the mean along-shelfbreak 10-m wind speed for July-October for each year that we have data. This reveals a noticeable change between the two regimes (Fig. 11 ). In the early regime, two out of the three years had very weak average winds during this four-month period. By contrast, in the recent regime five out of the six years were characterized by easterly winds. This would favor a stronger westward-flowing slope current in the latter period. This is consistent the results of Brugler et al. (2014) , who demonstrated that the eastward-flowing Beaufort shelfbreak jet was retarded by the enhanced easterly winds along the north slope of Alaska over a similar time period. It is also in line with the observed increase in the presence of ACW and BSW on the Chukchi slope during the later regime ( The influence of the wind on the Chukchi slope current is nicely visualized by constructing composite mean vertical sections under calm conditions versus times when there are moderate-to-strong easterly winds (Fig. 12) . In the weak wind composite the slope current is clearly evident, but it is relatively weak and the largest velocities are confined to the upper 40 m. By contrast, in the strong easterly wind composite the current is substantially stronger and the large velocities extend to 125 m. One also sees that the shelfbreak jet is considerably weakened under these latter conditions (the shelfbreak jet is reversed to the west in some of the synoptic easterly wind realizations). The overall conclusion is that, while the Chukchi slope current is sensitive to wind forcing, it still transports a notable amount of Pacific water to the west regardless of the synoptic winds.
Path and downstream evolution
Additional questions regarding the slope current are: What is the path of the current?
How does it evolve going downstream? What is its ultimate fate? While definitive answers to these questions will require further observations and modeling, we can address some aspects here with the data in hand. As noted above, 37 of the 46 transects measured the presence of the slope current, and these realizations are depicted on a lateral map in Fig. 13a . In the figure, the width of the arrows indicates the lateral scale of the current for the realization in question, while the length of the arrows denotes the mean speed of the current averaged over its width and depth (keep in mind that these are not true vectors; they are constrained to be normal to the sections).
One sees that the current is consistently located over the Chukchi continental slope throughout the entire domain, a distance of approximately 500 km westward from the mouth of Barrow Canyon. The median isobath over which the current resides (i.e. the region of strongest flow) is 238 m. In all but two of the realizations the current was shoreward of the 800 m isobath, and in 70% of the realizations it was inshore of the 400 m isobath. This implies that the current mainly resides on the upper continental slope but is not trapped to a particular isobath; it is instead more reminiscent of a free jet. In addition, we do not observe a statistically significant alongstream trend in transport for either the early regime or the recent regime. In Fig. 13b we also show the analogous lateral map for the shelfbreak jet. It is evident that the shelfbreak jet is weaker and more narrow than the slope current, and at times it reverses to the west (in response to easterly winds, as noted earlier). The shelfbreak jet also does not exhibit any alongstream trend in volume transport.
The notion that the slope current is a meandering free jet suggests that it is baroclinically unstable. This was assessed by computing the Ertel potential vorticity (Π) for each section,
where f is the Coriolis parameter, ρ is density, and U g is the cross-track absolute geostrophic velocity (see Pickart et al., 2005) . Term 1 is the stretching vorticity, term 2 is the relative vorticity, and term 3 is the tilting vorticity. In general, the relative vorticity of the slope current is small (roughly 10-15% of f ) and the tilting component is negligible. As such, Π is dominated by the stretching term. A necessary condition for baroclinic instability is that the cross-stream gradient of Π change sign within the current. This was evaluated two ways. First we computed an average vertical profile of ∂Π/∂y for each section and took the mean of this. Then we calculated ∂Π/∂y from the mean vertical sections of Section 4 and 
Pacific water mass budget of the Chukchi shelf
The idea that a significant amount of Pacific-origin water exits Barrow Canyon as a westward-flowing current over the Chukchi slope motivates us to attempt a mass budget where we account for the different inflows and outflows associated with the Chukchi shelf.
In this balance, it is assumed that there is no significant mass loss across the Chukchi shelfbreak between Herald and Barrow Canyons. While Timmermans et al. (2014) 
As a simplification, we assume that any mass loss directly north into the basin from Barrow
Canyon or Herald Canyon is minimal. The idea here is that such a flux should occur via turbulent processes (e.g. eddy formation as depicted in Fig. 1) , which is sporadic. We assume instead that the main transport occurs via well-defined currents. For Herald Canyon it is unknown if a portion of the outflow veers to the west (akin the Chukchi slope current), so we include an unknown contribution from such a current which is referred to in Eq. 4
as 2016, see Fig. 1 ). In addition, data from multiple cruises suggest that there is no outflow from the western side of the mouth of Herald Canyon (Pickart et al., 2010; Linders et al., submitted) .
Recently it has been argued that the transport of Pacific water through Bering Strait has increased over the past decade to 1.1 Sv (Woodgate et al., 2012) . The interannual increase in transport of the Chukchi slope current, discussed in Section 5.2, could account for most of this increase. However, some of the enhancement of the slope current could also be due to diversion of Pacific water away from the Beaufort shelfbreak jet due to the stronger easterly winds of late (Brugler et al., 2014) . The balance in Fig. 14 
Summary and Discussion
The analysis presented here has elucidated our understanding of the water masses and circulation along the shelfbreak and continental slope of the Chukchi Sea. The collection of historical shipboard transects confirmed the existence of a shelfbreak jet during the warm season that, in the mean, flows to the east as a bottom-intensified current. The jet is weakened under easterly wind forcing, and, synoptically, it can reverse and flow towards the west. Interestingly, the eastward mean flow extends into the Atlantic layer, associated with strongly sloped isopycnals becoming shallower onshore. Such a deep tail of the shelfbreak jet transporting Atlantic water is also observed in the Beaufort shelfbreak jet, but the mechanism for this in the Chukchi domain remains unexplored.
Offshore of the shelfbreak our data indicated the presence of a current flowing to the west, which we have named the Chukchi slope current. The current is surface-intensified, O(50km) wide, located mainly on the upper continental slope, and extends into the Atlantic layer (although the flow at depth is weak). In the mean (Jul-Oct) it transports 0.50 ± 0.07
Sv of Pacific water westward. In October, the Pacific water transport increases likely due to the stronger autumn easterly winds. The transport increased from the early regime to the recent regime presumably due to the enhanced zonal winds over this time frame. There is no alongstream trend in the cross-slope position of the current nor in the volume flux of the current. However, the current appears to meander, which implies that it is hydrodynamically unstable. Indeed, the cross-stream gradient of the Ertel potential vorticity changes sign with depth, which satisfies the necessary condition for baroclinic instability.
We believe that the slope current emanates from Barrow Canyon. This is consistent with the fact that the highest concentrations of the Pacific summer waters and remnant Pacific winter water were found in the current (the highest concentrations of newly ventilated Pacific winter water were observed in the shelfbreak jet, which is expected based on the seasonal timing of water exiting the Chukchi shelf). Furthermore, taking into account the transport of the Chukchi slope current and the Chukchi shelfbreak jet, we were able to construct a balanced mass budget for the different Chukchi shelf inflows and outflows. We note that several recent studies present schematic representations of the regional circulation that indicate flow emanating from Barrow Canyon and turning westward (e.g. Day et al., 2013; Dunton et al., 2014; Wood et al., 2015; Moore et al., 2016) . However, none of these studies invoke data to support this notion. It also should be stressed that our data were confined to the warm season; the situation could be different during the other months of the year, although the mass balance in Fig. 14 suggests that this is not generally the case.
It also needs to be explored what role the Beaufort Gyre might play in the existence and path of the Chukchi slope current. We have argued here that the slope current is not the southern arm of the gyre. In addition to the above evidence that the slope current originates from Barrow Canyon, it is difficult to believe that the gyre would be situated at such a shallow isobath on the Chukchi slope (the median isobath corresponding to the center of the slope current is 238 m). If this were the case, then one would think the same should be true on the Beaufort slope. A mooring array deployed across the Beaufort shelfbreak and slope from 2002-4 at 152
• W showed no evidence of this (Nikolopoulos et al., 2009 ). In particular, the flow is eastward over this part of the continental slope. We note however, that the bathymetry of the Beaufort slope is different than that of the Chukchi Slope, and the presence of the Northwind Ridge could influence the location of the gyre west of Barrow
33
Canyon.
On the other hand, it is quite possible that the presence of the Beaufort Gyre is dynamically tied to the existence of the slope current such that the two features are not entirely distinct. For instance, ice velocity maps show westward flow at the outskirts of the Beaufort Gyre near the edge of the Chukchi Sea. This is shown clearly in Steele et al. (2004) , who argue that, under negative Arctic Oscillation conditions, the gyre expands towards the Beaufort and Chukchi shelves (although Steele et al. (2004) state that ACW emanates from Barrow Canyon as eddies that subsequently get entrained into the gyre under these conditions). The winter mean sea surface height and surface geostrophic velocity maps of Mizobata et al. (2016) show evidence of a westward flow over the Chukchi slope that at times appears to be a separate current and at other times seems to be part of the gyre (see their Fig. 4 ). Furthermore, a 10-yr mean model simulation presented by Zhang et al. (2016) shows water exiting Barrow Canyon and turning westward along the southern edge of the Beaufort Gyre. Neither of these studies discuss this aspect of their results.
The role of wind in the formation of the Chukchi slope current needs to be investigated further as well. Okkonen et al. (2009) noted that, when the winds are out of the east, the Alaska coastal current can be displaced to the western side of Barrow Canyon. They also presented a sea surface temperature map during such conditions that showed a plume of warm water extending to the west out of the canyon. This is consistent with Brugler et al. (2014) who showed similar satellite evidence, along with velocity data revealing the beginnings of the slope current. Surface drifters also depict flow heading west out of the canyon in response to wind events (Weingartner et al., 2015) . Using a Pacific water tracer in a model simulation, Watanabe and Hasumi (2009) demonstrated that much of the water veers westward from Barrow Canyon during periods of strong easterly winds. It must be remembered, however, that while the Chukchi slope current is enhanced due to wind forcing, it is also present outside of such events, as demonstrated in the present study.
There are numerous ramifications associated with the notion that most of the Pacific water exiting Barrow Canyon progresses westward instead of eastward. Based on our data, the current has the potential to melt approximately 64,000 km 2 of 1-m thick ice over the 34 period July-October, which is equivalent to a region extending 170 km seaward from the shelf edge between the mouth of Barrow Canyon and 166
• W. The freshwater transport of the slope current is also substantial and could contribute to the freshwater reservoir of the Beaufort Gyre. The Pacific water needs to be fluxed offshore for this to happen, and it is unknown by what means this might occur, e.g. via eddy formation and/or wind-driven exchange (both of which occur in the Beaufort shelfbreak jet). It also remains to be determined what the ultimate fate of the Chukchi slope current is. Perhaps the current becomes ill-defined farther to the west or becomes entrained into the Beaufort Gyre. Further investigation is necessary to explore these and other aspects of the current, including its role in the regional ecosystem.
